Anaplasma phagocytophilum is a Gram-negative, tick-transmitted, obligate intracellular bacterium that elicits acute febrile diseases in humans and domestic animals. In contrast to the United States, human granulocytic anaplasmosis seems to be a rare disease in Europe despite the initial recognition of A. phagocytophilum as the causative agent of tick-borne fever in European sheep and cattle. Considerable strain variation has been suggested to occur within this species, because isolates from humans and animals differed in their pathogenicity for heterologous hosts. In order to explain host preference and epidemiological diversity, molecular characterization of A. phagocytophilum strains has been undertaken. Most often the 16S rRNA gene was used, but it might be not informative enough to delineate distinct genotypes of A. phagocytophilum. Previously, we have shown that A. phagocytophilum strains infecting Ixodes ricinus ticks are highly diverse in their ankA genes. Therefore we sequenced the 16S rRNA and ankA genes of 194 A. phagocytophilum strains from humans and several animal species. Whereas the phylogenetic analysis using 16S rRNA gene sequences was not meaningful, we showed that distinct host species correlate with A. phagocytophilum ankA gene clusters.
INTRODUCTION

1
Anaplasma phagocytophilum is a Gram-negative, tick-transmitted, obligate intracellular 2 bacterium and the causative agent of acute febrile diseases in humans and animals. Its main tick 3 vectors are Ixodes scapularis and I. pacificus in North America as well as I. ricinus in Europe (3). 4 Major species that develop overt clinical disease after an A. phagocytophilum infection are 5 humans, sheep, cattle, dogs, horses and cats (6, 15, 16, 37, 58, 75) . In 2001, due to a taxonomic 6 reclassification, the organisms infecting ruminants, horses, and humans, formerly known as 7 Ehrlichia phagocytophila, E. equi and 'agent of human granulocytic ehrlichiosis', were united to 8 one single species termed A. phagocytophilum (19) . However, evidence exists that within this 9 species considerable strain variation does occur (10, 75) as A. phagocytophilum isolates of 10 human, equine, bovine and ovine origin differed in their pathogenicity for heterologous hosts (4, A. phagocytophilum is not transmitted transovarially in ticks (42) . Therefore the organism is 13 thought to be maintained in reservoir hosts. For the United States, the white-footed mouse, 14 Peromyscus leucopus, is considered as a well established reservoir species (49, 66). In contrast, 15 the role of the white-tailed deer, Odocoileus virginianus, has been questioned (38, 40) because it 16 might harbor A. phagocytophilum strains not infectious for humans. In Europe, A. 17 phagocytophilum has been detected in wildlife such as roe deer, red deer, and rodents (1, 35, 36, 18 42, 44), but their specific function in the transmission cycle of A. phagocytophilum is not 19 completely understood (8) .
20
Differences exist in the epidemiology of granulocytic anaplasmosis between North America and 21 Europe. Whereas in 2008, 1,009 cases of human granulocytic anaplasmosis (HGA) were reported 22 to the Centers for Disease Control and Prevention (13) , this illness seems to be rare in Europe (7, 23 57). In contrast, tick-borne fever of sheep and cattle elicited by A. phagocytophilum is common in 1 anaplasmosis of dogs, horses, and cats occurs on both continents (10, 75) .
2
In order to explain host preference and epidemiological diversity, molecular characterization of been suggested (40, 60) . However, 16S rRNA gene sequences were shown to not be informative 6 enough to delineate distinct genotypes of A. phagocytophilum (8, 9, 12, 71) . Other genes that 7 were used for typing include the groESL heat shock operon (64), the msp4 gene encoding one of 8 the major surface proteins (17) , and the ankA gene (39).
9
The AnkA protein contains several ankyrin repeats that are thought to mediate protein-protein 10 interactions (51). Although the exact function of AnkA has not been determined yet (50), its C- 11 terminal end has been shown to be secreted by the VirB/VirD4-dependent type IV secretion 12 system (T4SS) of Agrobacterium tumefaciens (34) and the Dot/Icm type T4SS of Legionella 13 pneumophila (29). After translocation AnkA is tyrosine-phosphorylated by the host cell tyrosine 14 kinases Src (31) and Abl (34). After phosphorylation AnkA binds via SH2 domains to the host 15 cell phosphatase SHP-1 (31) thus probably disturbing host cell signaling (52). 16 We have previously shown that A. phagocytophilum strains infecting I. ricinus ticks are highly Table S1 in the supplemental material shows host species and geographic 13 origin of the total 194 A. phagocytophilum positive specimens.
14
PCR analyses and sequencing
15
DNA was extracted from blood, spleen or A. phagocytophilum infected HL60 cells (human 16 samples from the USA) using the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). In 17 general, 1 to 2 µl of DNA were used as template in a 50 µl reaction mixture containing 50 mM 
20
PCRs were performed using the GeneAmp PCR System 9700 (Applied Biosystems, Darmstadt, Table S2 in the supplemental material.
5
Nucleotide sequences of primers (Metabion, Martinsried, Germany) are summarized in Table S3 6 in the supplemental material. Nested PCR products were directly sequenced bidirectionally using Table 1 . 9 of the 16S rRNA gene 13 variants had been detected earlier, whereas 2 of them were first discovered during this study. The and GGA at position 3598, respectively). Only the variants without the insertions were submitted 10 to GenBank (GU236721 and GU236744).
11
The ankA gene sequences separated into four different gene clusters (Figure 1) . Two of them, 12 clusters I and II, have been found previously in samples from humans, animals, and ticks (39, 71) 13 whereas ankA gene clusters III and IV were first detected during this study. ORF lengths of 14 cluster I ranged from 3.6 to 3.8 kb, cluster II from 3.6 to 3.7 kb, cluster III 3.7 kb, and cluster IV To address the question, whether the separation into four ankA gene clusters was also supported 13 by phylogenetic analysis, we constructed a Neighbor-Joining tree. As shown in Figure 1b , all 14 major branches referring to clusters I to IV were supported by bootstrap values of at least 98%. However, analyzing the ankA gene sequences we found them to separate into four clearly distinct phagcytophilum has been reported. This is in line with our study, where multiple samples were 8 found to be double-infected, even with strains belonging to different ankA gene clusters. 9 Although superinfection has been demonstrated also experimentally in vivo (62), it remains to be 10 shown, whether intergenomic recombination occurs in A. phagocytophilum.
Since even genetically homologous strains might be highly diverse in a T4SS effector protein and 12 might show an extensive repeat polymorphism, it has to be investigated, whether the phylogeny 13 inferred using the ankA gene is also reflected by the underlying overall genotype. Furthermore, if 14 recombination indeed occurs, ankA would not be a reliable marker for phylogenetic analysis. To 15 address this question, we recently developed a multi locus sequence typing scheme for A. 16 phagocytophilum and are currently analyzing the strains used here.
17
Given the homology of the investigated human-associated isolates from the United States with 18 our European samples from humans, dogs, and horses, it seems unlikely that the epidemiological Erlangen, Germany) for continuous support. 
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